ABSTRACT: A long-term study carried out within the 1967 All-Poland Larch Provenance Experiment investigated genetic variation in 20 Polish provenances of larch growing under the site conditions of the Beskid Sądecki Mts. (at a test site in Krynica). The study was based on the measurements of tree height made in individual larch populations during 1969-1999, i.e. when trees were 5, 8, 11, 15, 20, 25, 30 and 35 years old. The results showed a considerable adaptation stability of the provenances tested at the Krynica site. This stability, however, tended to decrease with increasing mean height of trees. An estimation of the effect of the "genotype (provenance) × years of observation (age)" interaction revealed a high stability of height growth in larch populations having extreme values of this trait. As follows from the study, it is possible, especially in the case of the latter group of provenances, to carry out effective selection in the early stage of tree growth, thus ensuring a permanent genetic gain. trees aged 35 from a given provenance. For trees of each provenance the coefficients of linear regression (H prov × H loc ) were calculated to show the range of the influence of environmental factors on the effect of the "provenance × years" interaction and on the magnitude of this effect and the changes caused by seasonal factors. When the regression coefficient b is equal to 1, a provenance has an average stability in a given environment, when b > 1 or b < 1, this stability is lower or higher than the average, and the effect of the "genotype × years" interaction is high in respect of tree height. A population with b > 1 exhibits a great reactivity to the environment (worsening or improvement in a given trait), while that with b < 1 shows a great stability. In genetic selection, a provenance is considered to be useful when the coefficient b is smaller than 1, since man has practically no influence on the improvement in the forest environment.
JOURNAL OF FOREST SCIENCE, 50, 2004 (12): 559-565 Larch in Poland is scattered throughout the country and forms isolated islands (BAŁUT 1967; BORATYŃSKI 1986) . Larger areas covered by larch occur only in mountainous areas such as the Saint-Cross Mts., Carpathians and Sudetes. Due to this scattered occurrence, two subspecies have been distinguished within the species Larix decidua (Mill.) in Poland: European larch (Larix decidua subsp. decidua) and Polish larch (Larix decidua subsp. polonica Domin.). Both subspecies include populations that differ not only in growth dynamics and productivity but also in many other characteristics (GIERTYCH 1979 (GIERTYCH , 1980 KULEJ 1983 KULEJ , 1985 KULEJ , 1989 KULEJ , 2001 SCHOBER 1985; ŠINDELÁŘ 1992; WEISGERBER, ŠINDELÁŘ 1992; ANDRZEJCZYK, BEL-LON 1999) .
One of the main objectives of modern silviculture is to extend knowledge of the genetic value of larch as a fastgrowing pioneering tree species whose role in forestry should be increased. The All-Poland Larch Provenance Experiment, initiated in 1967, has contributed greatly to the achievement of this goal. Investigations carried out at the Experimental Forest Station in Krynica are a part of this experiment.
The present study aimed to estimate the adaptation traits and the effect of the interaction "genotype (provenance) × years of observation (age)", G × E age , in the Polish provenances of larch under the site conditions of the Beskid Sądecki Mts.
MATERIAL AND METHODS
A total of 20 larch provenances from the whole area of Poland were tested on an experimental site of the Experimental Forest Station in Krynica (Table 1, Fig. 1 ). Trees of each provenance were planted in five replications according to the Latin rectangle design. The detailed data on the maternal stands and parent trees of larch populations were published in an earlier work (KULEJ 2001) .
The test site is located at an altitude of 785 m (i.e. in the middle part of the lower mountainous zone) in the Wojkowa Forest Range, in the Province of the Gorce and Beskid Sądecki Mts. of the VIII Carpathian Natural Forest Region.
The investigations were based on tree measurements carried out in individual larch populations during 1969-1999, i.e. when trees were 5, 8, 11, 15, 20, 25, 30 and 35 years old.
The adaptation traits of larch provenances were assessed using Finlay-Wilkinson's (1963) method and assuming the effect of the "provenance × locality × years" interaction as an adaptation index. Such an index provides a forest manager with the information about the stability range of a given population and the type of its response to changing environmental conditions (Fig. 2) .
The assessment of the adaptation traits was based on the effect of the "provenance × years" interaction for one of the basic growth characteristics, i.e. the mean height of trees aged 35 from a given provenance. For trees of each provenance the coefficients of linear regression (H prov × H loc ) were calculated to show the range of the influence of environmental factors on the effect of the "provenance × years" interaction and on the magnitude of this effect and the changes caused by seasonal factors. When the regression coefficient b is equal to 1, a provenance has an average stability in a given environment, when b > 1 or b < 1, this stability is lower or higher than the average, and the effect of the "genotype × years" interaction is high in respect of tree height. A population with b > 1 exhibits a great reactivity to the environment (worsening or improvement in a given trait), while that with b < 1 shows a great stability. In genetic selection, a provenance is considered to be useful when the coefficient b is smaller than 1, since man has practically no influence on the improvement in the forest environment.
The effect of the interaction "genotype (provenance) × years of observation (age)" (G × E age ) for tree height was analysed on the basis of changes in the ranking position of larch provenances and on their reactivity. The assessment was made according to the GALLAIS (1990) classification (as used by SABOR 1998): 1 -positive interaction, 2 -negative interaction, 3 -change in rank, 4 -no age effect. Table 2 shows the data concerning the adaptation traits of larch assessed on the basis of the mean height of trees of individual provenances for successive study periods and the regression coefficients (b) describing stability. During the 1969-1999, the mean height of trees aged 5 to 35 years, expressed in percent of the experimental annual mean, ranged from 83 to 111%. The values for the Kłodzko and Prószków provenances in the Sudetes (> 100%) were considerably higher than the annual mean. Provenances from the Saint-Cross National Park An average adaptation stability (b ≈ 1) in respect of tree height was observed in larches from Pelplin, Czerniejewo, Skarżysko, Bliżyn, Świętokrzyski PN, Moskorzew, Hołubla, Henryków, Kłodzko and Kowary. Provenances from the northern part of the country (Myślibórz Północ, Konstancjewo -"Płonne" reserve) and from the Sudetes (Prószków, Szczytna Śląska) showed a high reactivity to the changing site (b > 1). Such populations as Konstancjewo -"Tomkowo" reserve from northern Poland, Rawa Mazowiecka and Grójec from Central Poland, as well as populations from Krościenko, Pilica and Marcule proved to be very stable (b < 1).
RESULTS
The results of the assessment of the adaptation traits of larch provenances tested in Krynica, made on the basis of the adaptation index (b) and the mean height of trees (H) at the age of 35, are shown in Fig. 3 . Based on the rela- Fig. 3 . Assessment of adaptation traits of larches based on adaptation index (b) and mean tree height of provenances (H) at age 35 using FINLAY-WILKINSON (1963) method; 1-24 -provenance number according to Table 1 tionship between these characteristics (b and H) two main groups of larch populations were distinguished. The first group included highly reactive and well-growing populations from Myślibórz, Pelplin, Konstancjewo -"Płonne", Czerniejewo, Świętokrzyski PN, Moskorzew, Prószków, Kłodzko, Szczytna Śląska and Kowary (b > 1 and H above average), and the other group -Konstancjewo -"Tomkowo", Rawa Mazowiecka, Grójec, Marcule, Bliżyn, Krościenko and Pilica with stability above average (b < 1) and height below average. Populations from Hołubla and Henryków (b = 1, H above average), and from Skarżysko (b > 1, H below average) were intermediate between these two groups (Table 2, Fig. 2 ). An analysis of the effect of the G × E age interaction for the basic growth trait of larch, i.e. tree height, during showed that for most populations the effect of the interaction was a change in rank (Fig. 4) . A positive effect of genotype and age on height growth was observed only in two northern provenances: Myślibórz Północ and Pelpin, and a clearly negative effect -in provenances from Grójec and Święto-krzyski PN. However, in the case of the latter, larches older than 30 years tended to increase its ranking position. Changes in the ranks of the provenances resulted from the combined effect of genotype and age and the interaction of both sources of variation. Provenances from Kłodzko and Prószków in the Sudetes, from Rawa Mazowiecka in Central Poland, and from Marcule situated at a fringe of the Saint-Cross Mts. have not changed their ranking position during the whole 35-year period, which might suggest that age had no significant effect on the height growth of trees. 
DISCUSSION
An assessment of larch characteristics made by Finlay-Wilkinson's method (SABOR 1993) showed a high adaptation stability of larch provenances tested under the site conditions of the Beskid Sądecki Mts. However, the values of this trait tended to decrease as the mean height of trees increased. The greatest variation was observed in larches of northern provenances, smaller -in those from the Sudetes, and the smallest -in larches from the SaintCross Mts. The results of this study confirmed earlier reports on the high adaptation ability of larch populations from Poland, especially from some localities in the SaintCross Mts. and the Sudetes. The populations of these provenance regions, tested in international experiments, have been considered as plastic populations by many authors (ŠŤASTNÝ 1972; GIERTYCH 1979 GIERTYCH , 1980 WEISGERBER, ŠINDELÁŘ 1992; ŠINDELÁŘ 1996) . Such populations should thus play a central part in forest management.
When analysing the effect of the "genotype × years of observation" interaction which determines the type of genetic reactivity of larch, it was found that the majority (60%) of the tested progenies of larch stands displayed the "G × E age " interaction with change in rank as defined by GALLAIS (1990) . A positive effect of this interaction on height growth was obvious in the case of northern provenances (Myślibórz Północ and Pelplin) which distinctly improved their ranks with age. A negative effect was found in larches from Grójec and Świętokrzyski PN. No effect of age or its interaction with genotype was observed during 1969-1999 for the provenances in which the height growth of trees was the fastest (Kłodzko and Prószków) or the slowest (Marcule and Krościenko). This makes it possible, especially in the case of these groups of provenances, to conduct effective selection in the early stage of tree growth, which would bring a permanent genetic gain.
The provenances from the northern part of Poland (little known and not tested hitherto), particularly larch from Myślibórz, deserve special attention. This population exhibits high growth dynamics and high adaptation ability not only in the Beskid Sądecki Mts. (KULEJ 2001) but also on the other experimental plots of the 1967 AllPoland Larch Provenance Experiment (ANDRZEJCZYK, BELLON 1999; MATRAS et al. 2001) . Great differences in this respect between the progenies of two neighbouring larch stands, i.e. Konstancjewo -"Płonne" and Konstancjewo -"Tomkowo", indicate that larch populations of different genetic and silvicultural value are mixed with each other not only at the level of the whole country or natural forest regions, but also within a single forest district or a group of neighbouring stands. This diversity may be explained by the fact that larch in Poland occurs in the form of isolated islands and its cultivation has long been popular, which resulted in both the mixing of native ecotypes and the introduction of seeds of foreign origin (BAŁUT 1967; BORATYŃSKI 1986) . The results of this study provided new information on the location of larch provenances which should be used more widely than before.
CONCLUSIONS
Larch of the populations tested in Krynica exhibited a high stability under the conditions of the Beskid Sądecki Mts. However, stability tended to decrease with increasing mean height of trees.
The lack of the effect of age or its interaction with genotype on the growth of larch of the provenances showing extreme values of tree height suggests that it would be possible to carry out effective selection in the early stage of growth, which will ensure a permanent genetic gain.
The results of this study provided new information on the location of larch provenances which should be used in forestry on a wider scale. These mainly include provenances from northern Poland, which are little known and have not been tested hitherto. It is thus possible to extend the seed base of larch in Poland, also by using artificial populations of unknown origin.
